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(54) PENiaLLIN SYNTBffiSIS 



rr (^^l BEECHAM GROUP LIMITED, a British Company, of Beecham 

House, Great West Road, Brentford, Middlesex, do hereby declare the invention, for 
which we pray that a patent may be granted to us, and the method by which it is -to be 

performed, to be particularly described in and by the following statement :^ 

This invention rdatEs to the preparation of a-amino(>-hydroxyben^l)penicailn 
and salts thereof, confounds which were originally disclosed and claimed in Patent No. 
978,175. 

^^^resent invention provides a process for the production of compounds of the 
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and sahs thereof; said process comprising the reaction of a silylated derivative of 
6-aminopenicillanic add with a reactive derivative of .of «-amino-p-h3rdioxyphenyl- 
acetic add in which the amino groiq> is protect^^ and thereafter lemoving the silyl 
group(s) by hydrolysis or alcoholysis. 

The «-amino-p-hydroxyphenylacetic acid may be of either optically active form or 
a mixture of both optically active forms. 

By a silylated derivative of 6-arainopenicillanic add is meant the product of the 
reaction between 6-aminopenicillanic acid [6-APA] or a salt thereof and a halotri- 
alkylsilane, dihalodialfcylsilane, halotrialkoxy^ilane, dihalodialkoxysilane or correspond- 
mg aryl or aralkyi silanes. 

Suitable silylated derivatives of 6-APA indude the reaction products of sub- 
stantially equimolar quantities of 6-APA and a dihalodialkylsilane or the reaction 
products of one mole of 6-APA and two moles of a halotriallgrlsilane. 

A prefened silylated derivative of 6-APA is that of formula (II) : 
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wherein RS R^ and R* are each attyl groups of 1 — 6 carbon atoms, bem^l or aiyl 
groins such as the methyl, cdiyl, benz]^ or phenyl groups, the methyl group being 
especially preferred. ^ r — o 

Thus *in a preferred aspect, the invention provides a process for the production 
of a compound of formula (I) or salts thereof, which process comprises the reaction of 
a confound of tiie fonnula 
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(CH3)3SfNH 



f^H3 



CH3 

^ ^^^OaSi (CH3)3 



with a reactive derivative of a-amino-p-hydrosqnphenylacetic aad. 

Examples of reactive derivatives indude activated esters, aod chlorides or 
hromides, acid anhydrides or derivatives obtained ftom a caiboxybc aad and a carbod- 
5 imide or NJ^-carbonyldi-imidazole. , , . • j • . n ^ ?« 

The amine group of the «-amino-hydroxyphenylacetic acid is protected (i.e is 
prevented from taking part in the reaction), for example, by ;being protonated, included 
in a cydic anhydride, condensed with an aldehyde to form a Schiffs base or ccmdensed 
with m acetoacetate or acetoacetanilide to give an enamine, or by any other metnoa 
10 eenerallv used in peptide chemistry. ^ « 

Prrferred derivatives of the «-amino-hydroxyphenylacetic acid for this «acti^ 
indude compounds of general formulae (IH wherein R* is a.al^iJ^J^J"-^"^ 
carbon atoms and Z is an alkoxy group of 1—6 carbon atoms, a NH Ph, NH siib- 
stituted-Ph, morpholino or dialkylamino groiq>), (Iv; and (V): 
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eH-C02-C0feR^ 
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(III) 




- (IV) 

HO— pCH-CO-CI (IT) 

tslHaHCl 



The general reaction conditions for the preparation of compounds of general 
formula (I) are described in our Patent No. 959,853. j 

The silyl derivatives of 6-aminopemcillamc aad of type OI) used as startmg 2O 
^ materials in the process of the present invention may 'be prepared by rcactu^ 6-ammo- 
penidllanic acid or a salt thereof witii a compound of the general ftinmila (Vlj: 
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Si 

(VI) 



m which R\ R'* and R^ are as previously defined and X is any group readily displaced 
by a nudeophilic reaction mvolving a carboxyiic acid or its salt or an ammo groi^, A 
2^ preferred X is halogen or NHSiRiRaR*. ^ ^ , . , 

Examples of general metiiods of preparation of m^'^^^^J^'^ 
in which RS R^ ^d R* are alkyl are described in our Bntish Patent No. 959,853 and 
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U.S. Patent No. 3,478,018. The other silyl derivatives of 6APA were prepared similarly 
using the appropriate halosilane (e.g. MegSiQa, (MeO)2SiGl2 etc.) or silagene 

NH— S1B1R2 
e.g. RiR2Si(^ ^NH 

The following Examples serve to illustrate the invention. 

EXAIVIPLE 1 5 
D-^Amino-p-hydroxybenzylpenicillin 
Dry 6-aminopemcillanic add (4.32g., 20 mjnoles) was suspended in methylene 
chloride ^50 ml.) and trimethylcMorosilane (3.12 ml., 40 mjnoles) added. To the 
stirred mixture -oiethylamine (5.58 ml., 40 mjnoles) was added cuqpwise and the 
resulting suspension heated under reflux for 2 hours protected fxiom atmoq>heric 
moisture, then cooled and stirred in an ice/water bath. To tius was added a solution 10 
of the mixed ethoxyformic anhydride of D-€e-[(l-methoxycarbonylpropen-2-yl)amino]- 
p-hydroxy-phenylacetic acid in one portion and the mixture stirred for 1 hour in the 
cold. [The mixed ethoxyformic anhydride was prepared by stirring for 0.75 hr. at 
— 10** a mixture of ethyl chloroformate (2.0 ml., 21 m.moles), N-methyl-moxpholine 
(0.03g.) and sodium D^-[(l-methoxycarbonyl-propen-2-yQamino]-p-hydro3^henyl 15 
acetate (5.75 g., 20 m.moles) in dry acetone (50 ml.)]. 

The solvents were then distilled at reduced pressure and the residual yellow-brown 
gum dissolved in a mixture of water (40 ml.) and 4-methylpentan-2-one (40 ml.). The 
solution was cooled in an ice/water bath and adjusted to pH 1.0 by the dropwise 
^ addition of 11.7N hydrochloric add with rapid stirring. Mter 0.75 hr. stirring in the 20 
cold, the organic layer was separated and rejected. The aqueous layer was washed 
with fresh 4-methylpentan-2-one (20 ml.) and blown free of solvent with air. The 
pH of the solution was adjiisted to 4.7 with 40% sodium hydroxide when on seeding 
and cooling the product crystallised. After storage for several hours at 0°, the predpitate 
• 25 was collected by filtration, washed with a litde water and dried in air at 40** to give 
3.60 g. of the crystalline trihydrate <tf D^amino-p-hydroxybenzylpenidllin (43%, 
purity 80%). Its identity was confirmed by i.e. spectroscopy and chromatography 
against an authentic sample. 

EXAMPLE 2 

3^ - ^ D-tt-Amino-p-hydroxybenzylpenidllin 30 

D-oj-Amino^-hydroxyphenylacctic add (8,4g,, 50 m.moles) was suspended in 
acetyl chloride (100 ml.) and finely ground phosphorus pentachloride (20.8g., 100 
m.moIes) added. The mixture was stined at 5® for 8 hours with a slow passage of 
gaseous hydrogen chloride through fiie mixture, when a yellow gum was formed. 
35 Nitrogen was bubbled through the mixture for 2 hours at 5** and the gum hardened 35 
and was broken down to a powder by the stirrer. It was collected by filtration and 
thoroughly wa^ed with dry ether, care being talcen to exclude atmospheric moistuic. 
The yellow solid was dried in vacuo over potassium hydroxide pellets for several, hours 
to yield 7.2g. (65%) D-^-amino-p-hydr^cyphenylacetyl chloride hydrochloride. The 
I JL spectrum showed a strong band at 1870 cmsr* whidi was ascribed to the stretchii^ 40 
vibration of the carbonyl group. 

The trimethylsilylester of 6-(trimethylsilylamino) peniclllanic acid ('7.21g., 
20mjnoles), prepared as in Example 1 with the methylene chloride removed by distilla- 
tion was dissolved in dry tetrahydrofuran, a freshly distUlol sample of quinoline 
45 (2.40 ml., 2.60g., 20 m.moles) added, and the solution cooled to 5*C. D-a-Amino-^ 
hydroxyphenylacetyl chloride hydrochloride (4.44g., 20 mjncles) was added in portions 
to the stirred solution over 10 minutes. The orange solution was stirred at 5** for a 
further 20 minutes and then at room temperature for 30 minutes, with exclusion of 
atmospheric moisture. Water (200 ml.), and a saturated solution of sodium bicarbonate 
50 (60 ml) were added with stirring, and then the solution was washed with ether 50 
(2 X 200 ml.), and the ether discarded. The resulting aqueous solution was darified by 
filtration, and on examination by paper chromatography showed the presence of D-^ 
amino-p-hydroxybenzylpenicillin. 

EXAiVIPLE 3 

55 D-a-Amino-p-hydroxybenzylpenicillin 55 

D-a-Amino-p-hydroxyphenylacetic acid (3.34g., 20 mjnoles) was suspended in 
diy dioxan (100 ml.), phosgene was bubbled through the stirred mixture, and the 
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tsmDeiatuie rose to 40°. When the temperatuie began to faU again, heating was 
ap^ to maintain a temperature of 45° for 4 hours. The resulting yeUow solution 
WM cooled and the solvent distflled at reduced pressure to give a light broym oiL 
acetate (15 ml.) and a Uttle decolourising charcoal were added and the nuxture stirrrt 
5 for 10 minutes. The yeUow solution was clarified by filtratim and the filtrate stur^ 3 
during the addition of 40-60« petroleum ether aOO mi), 1*'=° -^^^^f 
oxa»Ud-2,5-dione precmitated as a granular sohd, yield 3.54g. (92%). Ks i^- 
^^0^ strong^bands at 3250 aS.-' (NH stretching), 1840, 1770 and 1240 cms.- 

10 ^^°E^*frAminopenicillanic acid (3.9g., 18 m.moles) was added to a mixBne rf 10 
methylene chloride (50 ml.) and triethylamine (5.0 mL, 36 nunoles) and Ae rwultiig 
mixtuiB stirred at room temperature for 10 minutes, protec^ femi atmo^Benc 
moisture. Trimethylsilylchloride (4.7 ml., 37 nunoles) was added drojpjnse ot«5 
minutes and the resulting suspension heated under reflux fm 60 mmutes. The mixtme 
was aUowed to cool while dry nitrogen was bobWedtiirougJi the nurture i«>d thm the 15 
solution was clarified fey filtration into a dry flask. The filtrate was itotdled at reduced 
pressure to remwe die solvent, and the resulting cotourlere oil difflolved in dry <li»«»yl: 
fonnamide (15 ml.). To the solution was added 2,6-hitidme (2.1 ml., 36 mjnoles) and 
the mixture cooled to -40°. The sohition was stirred and a soluQon of 4-<f-hydroxy- 
Senyl)^oUd-2,5-dione (3.5g., 10 manoles) in dry dhnethylformamide (15 mlO 20 
added over 15 minutes. The stirring was continued at -40" for 10 murates, and then 
liM mixture was allowed to warm to room tenq)erature and stirred for 16 hours. 

A smaU sample of Ae resulting sobition atamined by chromatflgr^y mdicated 
the presence of iJg. of Uie penicillin (20% tiieoretical yield) and some 6-anuno- ^ 

25 penicHIanic acid» j i 

The cloudy solution was concentrated at low temperature tn vacuo and the resiauai 
iTOwn gum dissolved in a mixture of water (50 ml.) and e±er (50 ml.), the solution 
da^ed by filtration, and the other separated and rejected. The aqueous solution was 
adjusted to pH 4.6 by the addition of 2N sodium hydroxide solution, and diluted with 

30 max^ (100 mL). After stirring the resulting suspension for 60 minut^ at 40 , the 
Mecipitaie was collected by filtration, washed with water (20 ml.) and air-diied at 
40* xo «ive 2.3g. of an ofE-white solid. Comparison of its i.r. ^ecmim and bio- 
chnimatSram witii an authentic sample showed it to be D^-ammo-p-hydroxybenzyl- 
penicillin. Hydro^lamine assay indicated a purity of 16%. 
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EXAMPLE 4 
D-ff-Amino-p-hydroxybenzylpeniciUin 
A solution of the trimethylsilylesttr of 6-trimethylsilylaminopenicilIanic aad pre- 
-pared as in Example 1 was evaporated to dryness and redissolv^ in acetomtnle 
a5 ml > at — 10**. To this was added a solution of the mixed ethoxyformic anhydride 
of D - a - [(1 - methoxycarbonylpropen - 2 - yl)amino] - p- hydroxyphenylacetic 40 
add prepared in acetomtrile (53 ml.) simUarly to Example 1. The mature was sarred 
in the cold for 30 minutes and at room temperature for a further 30 mmutes. Water 
(50 mL) and 2N sodium hydroxide (10 ml., 20 mjnples) were added and the resulting 
solution stirred for 5 minutes. * , , 

45 The acetomtrile was removed by distillation at reduced pressure and to the aqueous 4D 

-concentrate was added 4-metiiylpentan-2-one (50 ml.) The mixture was coolwi m an 
ice/water bath, acidified to pH 1.0 and the peniamn isolated as described m feamplc 
1. This gave 3.10g. of the crystalline trihydrate of IW-amino-/>-hydroaqrbenzylpem- 
ciffin (37%, purity 93%). 

50 EXAMPLE 5 50 

In an apparatus protected from atmospheric moisture dry 6-aminopenidllamc acid 
(4.32 g., 20 mjnoles) was suspended in methylene chloride (42 ml.), cooled (ice/water 
.bath) while protected from atmospheric moisture and triethylamme (5.58 40 
m.moles) foUowed %y dimetiiyldichlorosilane (2.50 ml., 20.7 m.mples) added The 

55 mixture was heated to reflux for 2 hours and tiien cooled in an ice^ater bath. To it 55 
was added a solution of the mixed ethoxyformic anhydride of D-a-[(l-mmoxy- 
xarijonylpropen-2-yl)amino]-p-hydroxyphenylacetic acid in dry acetcme, prepared as in 
Example 1, and the mixture stirred for 30 minutes in the cold and a further 30 minutes 

60 '^^rrecoo^^the stirred solution (ice/water bath) a mixmre of water (40 ml.) 60 

and 2N sodium hj^xide (10 mL, 20 mjnoles) was added and stirring continued for 
5 minutes. The oiganic solvents were then distilled at reduced pressure and 4-methyl- 
pentan-.2-one (40 ml.) added to the aqueous concentrate. The mixture was cooled in an 
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ice/water batfa and adjusted to pH 1.0 by the dropwise addition of 11.7N hydrochloric 
acid with rapid stirring. After 45 minutes stirring in the cold, the organic layer was 
separated and rejected. The aqueous layer was washed with fresh 4-methylpentan-2-one 
(20 ml.) and blown free of solvent with air. The pH of the solution was adjusted to 
4.7 with 2N sodium hydroxide, but^ on storage at 0^, the penicillin failed to crystallise- 
Examination of the solution -by biochi»mat«^graphy show«i the presence of Dno-amino^ 
p-hydroxybenzylp enidUin. 

WHAT WE CLAIM IS: — 

1. A process for the production of compounds of the- formula (I): 



and salt thereof; said process comprising the reaction of a silylated derivative of 6- 
an^opemcillanic acid with a reactive derivative of e-amino-p-hydrojwphenylacetic 
acid in which the amino group is protected, and thcre^r removing the sSyl eroupfs^ 
by hydrolysis or alcoholysis. j ^ f\ / 

15 f A process as in claim 1 wherein the silylated derivative of 6-aminopenicillanic 15 

acid is the product of the xeaction between 6-aminopemdilanic acid [6-APAl or a salt 
ttereof and a halotrialkylsilane, dihalodialkylsilane, halotrialkoxysilane, dihalodialkoxy- 
silane or corresponding aryl or aralkyl silanes. 

J ^' ^ P^^^ ^ ^ wherein die silylated derivatives are the reaction pro- 

20 6-APA and a dihalodialkylsilane or die reaction products of one mole of 20 

o-APA and two moles of a halotrialkylsilane. 

* i^^' ^J^^^^S^ ^® ^ Claim 3 wherein the silylated derivative of 6-APA is a compound 
or formula ySJ): 

cT — — ^co-o-Sf^R2 (a) 

25 wherem R', and R» are each alkyl of 1—6 carbon atoms, benzyl or aryl groups. 25 

5. A process as in claim 4 wherein R^ W and R* are each methyl groups. 

6. A process as in claims 1 — 5 wherein the reactive derivative of a-amino-p- 
hydroxyphenacetic acid is an activated ester, an acid chloride, bromide or anhydride 
or the denvative obtained from the add and a carbodinaide or NJ^-carbonyldiimida- 

30 zole, said reactive derivative having the amino group protected. 30 

7. A process as in claim 6 wherein the reactive derivative is 



HQ-/ CH-COa-CO^R^ ' 



CH3 ||^^"^H 




wherem R* is a alkyl group of 1—6 carbon atoms and Z is a alkoxy group of 1—6 
caitKMi atoms, a NHPh, NH-siibstituted Ph moipholino or dialkylamino group 
35 8. A process as in claim 6 wherein the reactive derivative is: " 35 



HO- 



GH— O 
NH CO 



> 



9, A process as in claim 6 wherein the reactive derivative is : 



where X is chlorine or bromine. ^ , _ , _ . „ 

10. A process for the preparation of compounds of the formula (I) substantiaUy as 
described in the Examples herein. ^ , - ^ m 

11. A penicillin of fonnula (I) wbsn prepared by a process of claims 1—10. 

A. W. WHITE, 
CSiarteicd Patent Agents 
Agent for the Applicants. 



Printed for Her Majesty's Stationeij Office, by the Courier Press, LeamiMton Spa^ 1973 
Published by The Patent Office. 25 Southampton BuddinM, London, WC2A 1A\, from 
wnich copies may be obtained. 



